To analyze the reaction occurring at high temperature, the nature and chemistry of the investment must be known. Work has been done in the ceramic field on many of the compounds present in the investment. Also, in a general way, dental researchers have discussed reactions that may occur. But, the information is scattered and incomplete.
Cobalt-chromium alloys have been applied in the field of dentistry as investment castings for partial dentures. These alloys are light, strong, and corrosion-resistant, but the metal does not have adequate ductility for adjustment purposes. Previous research work has shown that one means of obtaining this property is to superheat the alloy before casting.' However, this procedure causes extensive reaction of the metal with the mold and a close-adhering green scale forms. Removal of this scale requires excessive machining, and loss of dimensional accuracy results. As part of a project to improve cobalt-chromium casting alloys, a study was made to find means of minimizing this scale formation.
To analyze the reaction occurring at high temperature, the nature and chemistry of the investment must be known. Work has been done in the ceramic field on many of the compounds present in the investment. Also, in a general way, dental researchers have discussed reactions that may occur. But, the information is scattered and incomplete.
The phosphate-bonded investment was considered in this investigation, since this investment has favorable high-temperature properties and had been used in the previous investigation.' In the phosphate-bonded investments, a soluble phosphate compound Presented before the Dental Materials Group of the IADR at Toronto, Canada, July, 1965. This investigation was supported by U.S.P.H.S. research grant DE-02017 from the National Institute of Dental Research, National Institutes of Health, Bethesda, Md.
Received for publication January 7, 1966. 1516 (e.g., NH4H2PO4, Mg(H2PO4)2, or H3P04), which produces a phosphate ion, and a metallic oxide (such as MgO) form the bond which gives the strength to the investment.
According to Moore Figure 7 for each of the elements which could be present in the area shown in Figure 2 . These are presented graphically in Figures 8 and 9 at 500 C., occurs as the hexahydrate is reduced to the monohydrate :4 NH4MgPO4 6H20-* NH4MgPO4 *H20 + 5H20.
At the same time, ammonia also begins to leave the salt. Under equilibrium conditions, the monohydrate converts as follows by 2500 C.: 2NH4MgPO4 H20 -+ Mg2P207 + 2NH34 + 3H20T1.
Although not identified in the x-ray-diffraction results, during setting Mg3(P04)2.
4H20 should also form. Upon heating, this compound also loses water:
Hydrated magnesium phosphate decomposes below 5000 C., which would result in a decrease in bond strength in this range. The results of the crushing strength tests are shown in Table 4 .
The results in Table 5 confirm the validity of the compressive-strength values. Analysis of variance is one of the most powerful tools of statistical analysis. This procedure determines whether the variations in compressive strength were due to actual differences in the specimens or to experimental error. As shown in Table 5 , the calculated ratio for means square (102.1) is much larger than the value from the table (3.96); therefore, the differences in compressive strengths of the investment at the various conditions actually occur.
The values decrease in the range where the compounds which give room-temperature strength begin to break down. This is completed by 5000 C. The silicophosphate bond appears to form at a higher temperature than the 2800 C. proposed by Moore and Watts. The strength begins to increase at about 3000 C. By 1,0000 C. the breakdown of this bond is evidenced. By 1,3000 C., as fusing of the constituents begins, the strength again increases. Thus Figures 3 and 4 shows that Cr and Mn have a higher rate of diffusion into the investment than has Co.
The scan on the reddish-brown area did not show the presence of any Co. This could be expected, since none of the thin gray scale has been found adjacent to the reddish areas. Cr and Mn were present in large amounts. As occurred in the green scale, Cr had a high diffusivity and therefore showed in a high concentration on the adjacent investment. 1\In in this situation does not diffuse as readily as in the green-scale situation. The presence of the small amount of Ca is considered as an impurity in the investment. Since this scale appears so sparsely, no analysis was made by x-ray diffraction.
The scans for the gray scale were run differently. Each element was run separately, and the probe was set at maximum intensity for that position. Use of a non-MgO investment substantiated this conclusion.
The results for the three different reaction products showed that the thin gray scale formed immediately adjacent to the cast metal surface and contained most of the metal elements. Mn entirely and Cr par-tially diffused rapidly outward and were found in the green scale. To a lesser extent, Co occurred in the same manner, but not in so great a proportion as is found in the original alloy. The reddish-brown areas showed as a reaction of the easily diffusing Cr and Mn with another constituent of the investment.
